Transition metal chalcogenide nanocomposite thin films deposited by chemical routes are currently attracting wide attention being inexpensive, simple and have utility for large area applications. The role of substrate becomes very important in film deposition as well as in controlling their properties due to strain induced properties modification and lattice mismatch. CuS/PVA nanocomposite thin films were successfully deposited on glass and silicon substrates using sol-gel technique. Thin films were characterized by X-ray diffraction (XRD), atomic force microscopy (AFM), UV-visible (UV-VIS) and Raman spectroscopy. Structural data confirm the amorphous nature of as grown films which transform into crystalline films after annealing at 200˚C. The degree of crystallinity seems to be better in film deposited on silicon substrate in comparison to those grown over glass substrate with average crystallite sizes ≃ 4.00 nm and 7.00 nm for films deposited on glass and silicon substrate respectively. Atomic force microscopy (AFM) images in dynamic as well as contact modes display nanoparticles embedded in polymer network. The films surface roughness parameters quantitatively estimated from AFM micrographs are compared. Raman spectra show a sharp peak at ≃474 cm −1 assigned to S-S stretching mode of S 2 ions in films grown on both substrates and associated as due to presence of hexagonal (covellite) crystal structure. Optical band gaps of thin film on glass and silicon substrate are 2.10 eV and 2.02 eV respectively. The effect of substrate on the measured properties is discussed.
Introduction
Copper sulfide belonging to IB-VIA group is an important and attractive material due to the wide range of applications in optical and electrical devices, and due to relatively non-toxic nature [1] [2] [3] . However, due to the presence of 3d electrons, copper has complex chemical nature and forms non-stoichiometric chalcogenide phases [4] . At room temperature, at least five stable phases viz.
CuS (covellite), Cu 1.75 S (anilite), Cu 1.8 S (digenite), Cu 1.96 S (djurleite), Cu 2 S (chalcocite) with crystal structure vary from hexagonal to orthogonal. Therefore, growing nanoparticles with pure covellite phase becomes albeit tedious [5] [6] [7] [8] . CuS is a p-type semiconductor with the reported band gap ranging from 1.2 eV to 2.5 eV due to non-stoichiometric composition of Cu x S (1 ≤ x ≤ 2) [9] .
Proper stoichiometric compositions of nanoparticles/nano thin films are important in order to understand the effect of nano size on the electronic optical properties. Currently, nanocomposites of polymers and semiconductors have been an object of extensive research due to the possibility to change the physico-chemical properties of the materials. Various factors influence the physico-chemical properties of nanocomposite including the particle separation, the inter-phase interaction, the nature of polymer matrix and the substrate used for growing the nanocomposite thin film, etc. [10] . Polymer matrix provides stability, long shelf life and good control over the growth of nanoparticles. In addition, nanosized particles enhance their optoelectronic properties, allowing coupling between mechanical and optoelectronic properties. The polymer host matrix confines the growth of nanoparticles and prevents aggregation [11] . The properties of particulate polymer nanocomposite mainly depend on the particle shape, size, concentration and the way in which the particles are dispersed and interact with the polymer matrix.
It has been shown that the electrical, optical and structural properties of chalcogenide nanoparticles get affected when embedded in polymeric matrix; however, the nanocomposite based on pure phase CuS with polymers are sporadic only. Poly (vinyl alcohol) (PVA) is a hydrophilic polymer. PVA hydrogel is most promising polymers due to its unique properties such as high transmittance, easy processability, noncorrosive nature and good thermal stability over a wide range of temperature, making it an ideal matrix for optoelectronic applications [12] [13] .
Previously, CdS/PVA nanocomposite thin films were synthesized [14] on glass substrate without using any complexing agent. A comparative study of CuS thin film without any composites has been reported [15] using glass and FTO coated glass as substrates. CuS nanoparticles embedded in poly (vinyl alcohol) nanofibers were also reported [16] using electrospinning method. Spherical copper sulfide nanoparticle was dispersed in PVA fibres with average diameter about 15 -25 nm. However, CuS/PVA nanocomposite thin films deposition on glass and silicon substrate has not been reported to the best of our knowledge. In this paper we report synthesis of copper sulfide nanocomposite thin film on glass and 
Preparation of CuS/PVA Nanocomposite Thin Films
The substrate was cut in slides of square shape, cleaned ultrasonically for 10 minute first in acetone and subsequently in deionized water. Finally substrates were dried using hot plate. 4 and Na 2 S were used for synthesis of H 2 S gas using keeps apparatus.
Characterization of CuS/PVA Nanocomposite Thin Films
Deposited nanocomposite thin films were characterized by X-ray diffraction (XRD) using Rigaku smart lab X-ray diffractometer with a CuK α monochromatic radiation source (λ = 1.54059 Å) in the 2θ range 20˚ -80˚; the tube voltage was 40 kV and current 200 mA employing a scanning speed of 2 degree/min.
Analysis of surface morphology were carried out usingatomic force microscopy (AFM) using SPM 9600 Shimadzu contact mode as well as dynamic mode. The UV-Vis absorption spectra in the range 200 -800 nm was taken by UV-visible spectrophotometer Shimadzu, UV1700 Pharma spec. Room temperature unpolarized Raman spectra were measured using Technos STR-500 micro Raman spectrometer.
Result and Discussion

Structural Studies
The degree of crystallinity and phase of nanocomposite thin films were deposited on glass and silicon substrate characterized by X-ray diffraction as shown in In Figure 1(a) , the amorphous background also increases in annealed film grown on glass substrate. A broad hump in the range 2θ from 20˚ -35˚ is due to the amorphous glass substrate [17] . It can be inferred that film deposited on glass substrate have more disorder in comparison to the one deposited on silicon substrate. In Figure 1(b) film grown on silicon substrate shows hexagonal crystal structure with covellite phase with plane (006). Another peak (100) is due to the silicon substrate [18] [19] . No diffraction peaks detected corresponding to the CuO, impurities or other phases.
The average crystallite size of nanocomposite thin films were calculated by Scherrer equation
Here, D is crystallite size, λ is wavelength of X-ray (1.5409 Å), β is full width at half maximum of the intense peak and θ the Bragg's angle. Using Equation (1), average crystallite size of CuS/PVA nanocomposite thin film deposited on glass and silicon substrate is 4.00 nm and 7.00 nm respectively.
Atomic Force Microscopy
Surface roughness and morphology become very important for device applications in thin films. AFM measurements were carried out to find the surface morphological features of nanocomposite thin films. AFM micrographs measured in contact mode in two and three dimensions with (2.5 μm × 2.5 μm) resolution for annealed film deposited on glass substrate are shown in Figure 2 Table 1 . Soft Nanoscience Letters Figure 2 . (a) AFM micrograph of CuS/PVA nanocomposite thin film deposited on glass substrate in two and three dimensional using contact model; (b) AFM micrograph of CuS/PVA nanocomposite thin film deposited on silicon substrate in two and three dimensional using contact mode; (c) AFM micrograph of CuS/PVA nanocomposite thin film deposited on glass substrate in two and three dimensional using dynamic mode; (d) AFM micrograph of CuS/PVA nanocomposite thin film deposited on silicon substrate in two and three dimensional using dynamic mode. 
Optical Properties
UV-visible absorption technique is most important methods for the determina- 
Raman Spectroscopy
Laser Raman spectroscopy is a suitable and effective tool to characterize the local disorder, crystalline symmetry and strain in the thin films. Room temperature Raman spectra of copper sulfide nanocomposite thin film deposited on glass and silicon substrate were show in Figure 4 . Figure 4 (a) shows Raman spectra of CuS/PVA nanocomposite thin film grown on glass substrate. It shows Raman band at 474 cm −1 which is assigned to the S-S stretching mode indicating the covellite CuS phase. In Figure 4 (b) Raman spectrum of nanocomposite thin film deposited in silicon substrate, also 
Conclusion
Copper sulfide nanocomposite thin films on glass and silicon substrate were successfully deposited using sol-gel technique. Structural, morphological and optical properties study has been probed using X-ray diffraction, atomic force microscopy, UV-visible spectroscopy and Raman spectroscopy. Annealed nanocomposite thin films show covellite phase without presence of any impurities or other phases. AFM reveals that particles are equally distributed all over the surface of film in glass and silicon substrate. Surface is relatively uniform and particles agglomeration is avoided. Surface roughness and RMS values are less for the nanocomposite thin film grown on the glass substrate as compare to the silicon substrate. Optical spectra revealed that direct energy band gap found 2.10 eV and 2.02 eV for glass and silicon substrate. Raman spectral features support the Soft Nanoscience Letters covellite phase of nanocomposite thin films and the presence of disorder in the film deposited on glass substrate.
